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TO

Tne Rovan Society oF WESTERN AUSTRALIA

By

AL Gss MATTLAND.
(Delivered on the 15th of JFnly, 1926.)

clrant e have moastered learning's crabbed terd,

Stilt Aheve's the comment.”’

On addressing you this evering, my foremost duty aud one
of pleasure is to thank you for the hononr conferred by cleeting
me for the secoind tane after an inteeval of ten years as President
of the Roval Society for the official year which terminates to-day.
The cleetion is not only a compliment to myself; it s also
cxpression of your convietion that the allianee hetween pure and
applied scienee, for the prosecution of cconomic eremiries can only
he officiently and ceffectively eavricd ont in n strictly seientifie imanner

and is an eafente whiclh brings lasting benefit to both.

The obligations aud vesponsibilities which the office with wlief
you entrnsted me twelve months ugo to earry ard not to be lightly
midertaken, in view of the growing tradition of the work of my

predecessors who Tive ocenpied the Mresidential Chalr,

1 count anyself fortunate in acting as venr presiding  ofticcy
at n time when the affnivs of the Society are in saclow very satlis-
factory position, not ouly as regurds finmiee nnd membership, but

also in its slow and steady growth of usefuluess,

There secus cvery reason to hope that the work of the Royal
Society will continue during the incoming year equally well as it
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has done during the relatively shovt period of its existence, Never-
{heless it should nat e forgotten that the DPresident and Couneil
enunet do everything to make amd keep the Sodety as successful
as 1t has been and ought to continne to be avithont the very active
support of the mewbers themselves, 1t is hoped, therefore, that
niembers will coutinne to evinee that interest in all that muakes for
the well-hetng and progress of the Society, and that the vouugoer
members (most of whom have been tradned in our loeal educutional
imstitutions), in whose hands the futnre nltimately vests, will cowe
forward and contribute some of the vesults of their nvestigatious,
adding in this way their qnota to the snm total of huwman know-
ledge aud thus assisting in thie solution of those numerows problems
which have long avoused the keenest interest amongst the scientific
warkers of all nations.

This Driet vefercoee to what wmight Dbe rcalled the material
aspect of the uffatrs of the Society brings the somewhat dis-
turbing reflection that custom preservibes that the President on the
termimation of hig vear of office shall enrry out the law of preee-
denee by delivering an address on some department of science o
vwhich his attention has been more especially devoted.

There is an old proverh that ©*Custom st be hwdulged by
Ctustom or Custam wilt (die,?
from traditienal usage, the ciremustance 1hat Western Austratia

t

and white T have no desive to depart

Lhopes next month to have the honowr of weleoning, for the first
time in the State’s history, the wembers of the Australisian Associ-
ation for the Advancement of Science, suggests that 1 should depart
semewhat from the nsaal costom and  devote an acndemic hour to
hringing under notice the main contributions which Western Auns-
Stralin has made to the general principles of Geological Scienee,
the full heavings of which, owing to the velative isolation of tlis
pertion of our island coutinent, have not beea, perhaps, sufficiently

rerogitined,

Tn beuding myself to this task an endeavonr witl he made
to foltow out Pindar’s advice:
SCWiath vivid words your just couceptions grace,
Mueh truth compressing 1n a1 narrew space.’”’

It was found necessary in the year 1896 to establish a perma-
nont Lranel of ile Pubbe Serviee ehirged with a more or less
rompreliensive il systematic survey of the geologieal strocture of
the State and all that is counceted thevewith.,  BSueh geologiesl
investigntions involved, inter alia, the application of the principles
of the seience to the exploration and exploitation of the State’s
mineral deposits, which have played a very lmportant part in its
economic and industriai development, for modern industry is more
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dependent upon mineral produets than upon the commodities of
any other natural group.

To the Droad aven of the State pretty nearly all geological
svstems have their representatives in the voeks which build np the
territory.

One of the nrost fundamente]l tfeatures in the geology  of
Western Anstralin is the similarity in strneture  of  ifs vocks
to those of the conntries hordering the Tndian Qcean, viz, South
Africa, Madagasear, India and the Netherlands Indies.  This note-
worthy resemblanee s pavadleled in the whele of the geologieal
fovmations «developed in the State; w elose association which being
reflected in the siwilarity of types of Western Anstralinn mineral
deposits is of considerable ccovomie as well as selentifie interest.

The Pre-Cambrian Rocks ocenpy nearvly H00.000 square wniiles
it of the 975920 which constitutes {lie area of the State, and
contain within the bowndiries pracileally the whele of the metallic
wealth of the State, of which about £160,000,000 have heen raised.
These Pre-Cambrinn rocks, from the standpoint of their character,
the complesity of thelr structural relationships, their development,
thetr origin and the c¢hanges they have nndergone, contain the
materialy for probably ouehalf of the geological history of the
envtl. There are probably few parts of the Australian Continent
which ean boast of a finer developrzent of  these Pre-Cambrian
rocks than Western Anstralia, ad the varicty of lithological types
Lids fair to make the State a classic field for petrelogical vesearel.
Tt is te these Pre-Cambrinn Formations that geological attention
has natwrally been principally devoted on account of the CCOUOILIC
possibilities whieh sueh rock associations offer.  Inmvestigations have
shown that especially noteworthy amongst them is the pregenve of
buge composite batholiths of granite and aneiss with some crys-
tulline sehists rvesulting tfrom the transmutation and parvtial assinii-
lation of the granite, together with a group of schists, mostly
altered sediments, and rocks of an allied nature, as well as their
more or less contemporancous igneous associates.  These igneons
rocks, principally of basic composition and of somewhat different
geological types. have uundergone extensive and widespread meta-
worphism, producing rocks of the epidiorite type on the one had
auel the carbonated  greenstone on the  other. Ultra-basic rocks,
rapresenfed by sevpentine, peridotite, pyroxenite, and thelr trans
wnted derivatives, arve alzo of frequent occurrence.

The distribution of the Pre-Caimbrian Rocks resembles  some
what, as way be scen by an inepeetion of the geologieal map of
the State, a sea of gramite, stdded with preat islands of green-
stoue and their associated  sedimentarvies—-aw arrangenient stated
to have resulted from crustal fonndering.
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A typical and noteworthy member of the Pre-Cambrian group
of rocks 1s the Dbrilliantly coloured compact jaspilites and cherts,
grading gradually into valuable haematite deposits, many of which
are several hundreds of feet wide and some thonsands of feet in
Length.,  There irou-bearing jaspers occur in more or less parallel
hands which at times stand out in Dbold relief above the ground
surfaee and  constitute important stratigraphieal horizouns, trace-
t«ble across country for considerable distanecs.

The presence of such thick and extensive deposits of jaspilite
aund iron ore in the Pre-Cambrian formations, not only in Western
Australia, but also in South Africa, India, and the Novth Awmerican
Continent, suggests, as has recently been pointed out by a leading
geelogist, that conditions at the period of their formation must
have been fondawmentally different from those obtaining in Post-
Cambrian times and that ““uniformitarianism as a working principle
for the geolugist cannot he pushed hack indefinitely into the past.”’

The jaspilites may have Dbeen orviginally  highly  ferrnginous
fine-grained grits of sedimentary orvigin, and the source from swhieh
the wron-hearing minerals originated was basie igueous rocks. The
ferruginous hands generally follow very clesely the bedding plauves
of the enclosing metamorphie sediments, indicating that the soln-
tious responsible for the deposition of the iron ore were to a very
large extent contvolled by the stratifieation.  In wmany loealities
bands of siliccous dolomitic lmestone are associated with and
gradnally pass into the ribboued jaspilites; an assoeiation whieh
snggests that some of the Jjaspilites and  their allies originated
from the alteration of limestones,

One of the ontstanding features in conmeetion with these Pre-
(timbrian roeks ix their distribution along what geologieal investi-
gationn has shown to be one of the principal lines of weakness o
mobility in the crust as developed in Western Australia.

The sedimentary beds were deposited in a broad geo-syuclinel
and since their formation have been more or less ivregularly folded
and  compressed, concertina-fashion, aloug highly inelined axial
plunes.  The folding is meridional with a tendency to an alignuent
in a north-west and south-east direction. The cleavage or schist-
ogity commonly follows a like direction. Tn this geo-synclinal basin,
which extends from the Reelievehe Archipelago on the South Coast
to that portion of the North West coastline into which the De
Grey, Yule, Tortescue, nnd Ashburton Rivers discharge their drain-
age, were deposited vast amounts of sediments eavried by swift-
ynnuning rivers issuing from the series of broad mowitain ranges,
whieh have sinee been worn down to base level by a eyele of

Ccrosion.




MAITLAND I estern Australiun Geology. 215

These rocks form part of that bow-shaped great eivele which
in Pre-Cambrian times extended from Western Australia across the
verth-castern, portion of the ludian Ocean, throngh Peninsnlar India,
the flindoo Noosh Momntains, down what 18 now the valley of the
Cxus, and thenee aloug that wavrow belt hetween Bastern Burope
and Western Asti—thie Urild Mountains— nud disappearing heneath
the wuters of the Arvctic Ocean in the vicinity of Nova Zembla and
the Kuara Sea.

The beds in Peniosula India have the snme geuerval trend,
lithological character, tectonie strueture and community of origin
as their Western  Australing representatives. They  disappear he-
neath that enormouns development of horizental basaltic lava flows,
the Deecan Traps of Central Tudia, reappearving in Udaipur and
cimerging from benenth the recent beds of the Indo-Gangetic Tliin
i the frontier vanges which separate the Tudian Empire from
Afgbmistan and Tuekestine Tn the Hindoo Koosh Mountaing frag-
ments of these Pre Cambrian rocks still exist, though much hroken
and shattered by those later carth wmovements whieh raised the
Alpine-Himalayaun and Duteh Fast Tadies mountains  during  the
Tertiary perviod, and whicll erossed the former almost at right
angles, thus dividing the hemisphere into two halves.

(rosstng the Himalayas aud  the frouticr ranges, the beds
reappear iu the Ural Mountaius,  Heve is a long belt of erystal-
e ad netamorplic sedunentary rocks associated as in India and
Western Australin with those eharacteristie red and other coloured
vibbon jaspers, in addition to being invadded by gold-bearing aeid
dvkes and quartz reefs.

Over the vast area of this Great Cirele, there is a surprising
nniformity in the character of the minerat deposits, as regards
alike their geologienl velations aud their structnral and mineralogicnl
features.

These tong lines of weakness mud mobility ave also the zoues
of greatest volemndsm and concowmitant earthquake activity. Vol
canie. ernptions, together with their cognate activities are the con-
sequences of the major movenents affecting the carth s erust, atd
produce, inter aliv, a general hieating aud local inerements of the
temperature gradicut. 1t is for this reason that the central por-
tion of Western Australin in the regions of the geo-syneline to
which previous referenee las heen made, has vevelled in oo long
peried of igneous activity, witl its great crushing and  folding
movenients, in the Pre-Cambrinn period of its geologicul istory.

The voleanic aund allied igneons vocks, several of which are
lavas, some sills, and others differentiation products, are in many
areas much more abundant than the sedimentary members, though
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vepresentoiives of caelt orene in nenely every velt, The basie rocks

Ctorecistanes U—— pinbahly  orvicicadly delerites o - are of  varinble
fitholomiea? dvpies aad o eonmeen with the oibier wenibers of ths
re-Cowmdbuinn foneations have nnviergone extensive amd widespreast
wetamoerphisng, producing on the one hand rocks of the epidiorite
{ypes and on the othier the cirbonated greenstone type. Ultra-basie
rocks nre reprosonted v erpentine, tele-schist, efe. An extensive
development  of the rore type of hypersthene-hearing  rocks, with
a wmarked persistent mineral hamding szl in charaeter and nosde
of ovcurrence to those of the Chminockite Serics of West Africa,
Tidin, Novway ] parts of the Morth Aerienn Continent, has
Been reengnised in the Fraser’s Raaoge, to the north of Israelite
Fav.

The Pre-Camiwion voeks liave heev invacded hy howe conposite
Liithdiths ard veins of eionite which extend over some hundreds
of square miles. They  freguentlty have a sehistosity  developeld
alane their lines of contnet with the roacks into which they intrude.
The neid batlolithy aud their satellitie intresions ave largely Diotite-
erauifes, nsnally mds pooof nieroctine. olieaclase and guartz, with
o mnvked minerat boudivg o pneissic steaetwre well  developedt.
These extensive oranite masses are traversed by many great dyke-
like masses of  white quarvtz which vepresent the end ultra-a il
product of the differentintion of the gmmific magmas, The in-
trusion of the gravite and its allies s perhaps the wost important
Cvent i the geologiend history of the State at this early period,
inpsmueh os with them ave associated, arveally and genetically, the
most important gold awd other metal-bhearing deposgits which place
Western Australin ju thie front yank of mining countries in the

British Lmpire.

Viewe 1 dv #he ight of its ofenetural  geolagy, coupled  wini
tlhe nature, variety, and wide distribution of its mineral deposits,
Wistern Avstralin appears to he one of the wost remarkable mineval
reoions on ihie Austialinn continent,  Aceording to researches whiel.
have been ecarrted ant, it appenrs that 235 mineral speeies have
Beon already met with in the State, OF the ymer minerals, wliiel
Geenr us acecssory constituents i the apophyses of the granites,
and Tmve a wide distribution in the State, thirty-six are confine:d
to Western Anstralia and have so fai not been reeorded from other
pats of the Commmonwenlth,  Whilst e, Simpson, by whose ve-
coarelies owr knowledge of the minerajogy of the State has been
so mueh advaneed, notes that the three mineends hitherto unkuown
te seienee, discovercd by him, viz: Pilharite (one of the uranium
winerals), Goongarite (an argentiferous sulphide of lead and bis-
wuth), and Tantalofergusonite (o ware miveral of the yttrimn group)
have not yet Dbeen net with anywhere clse.  The tautalate and
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uichate of antihmouy, Stibiotuntalite, the first discovery of tantalum

ore in Austrabia, was made in Greenbushes in 1893 and has so
far been found ouly in Califorma.

To these may be added the group of telluride minerals which
cceur in but few localities throughont the world and whieh have
been so o extensively wmined at Kalgoorlic and Boulder, the chief
gold-producing centre of the State,

The telluvinm-carrying minerals constitute one of the most
distingnishing charaeteristics of the ores of Boulder and Kalgoorlie,
being the main source of over 16 million ounces of gold from
this 1ining centre,

With sueh wn embarras des richesses in the broad domain of
wineralegy it s wot at all sarprising that Western Australia’s
contributions to what may be termed mineralogenesis have been
so extensive and of such o high order.

The ignesns vocks oeenrring in and associated with Pre-Cambrian
formations have also thrown a great «deal of light upon many of
the more importaut problems of petrogenesis.

An outstanding feature iu connection with the investigations
is the lmportant part which the upwelling of the molten granite
ad itg complementary dykes, with the concomitant sagging of the
overlying rocks into intervening tronghs, las been found to play
with regard fo the gold-hearing and other mineral deposits,

A result of this granitie invasion has been the formation of
fracture planes and other Hues of weakness, having a general north-
westerly algmment, aleng which the mineral-bearing solutions iu
cirealatisn have found an easy passage, with the introduetion of
the metalliferons minerals; this being the latest expression of the
subterranean forees in operation.

1t iz therefore the rvocks along and adjacent to the margins
of the granites which have proved to be the hosts for ore and
which coustitute the ehief hope for an expanding mineral industry.

The existing Iamd surface bears no relation whatsoever to that
vhieh oxisted when the ore bhodies were formed. The limits of
orc deposition, Le., cooling and consolidation, are not confined to
4 fow hundred feet from the snrface, but ave to be measured in
miles rather thaun in fathoms. The inferior limits of mining, when
viewed from the broad standpoint, are determined rather by the
cost of production than by the exhaustion of ore.

Ore formtion processes are at present in active operation at
enormous depths beneath onr feet, for suell appear to be due to
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wderlyting ciuses that have hecn awore ov dess continuously  in

cperation from the carbiest of geological {imes.

Modern writers on the woturadl history of ore deposits eall
altention to the conmneetion hetween vtz veing and acid pegmatite
dvkes (the off-shoots from the granite) and their community  of
origin.  In this connecefion it may be pointed out that my colleague,
Mr. T Blatehtord, in s account of the geology of {he Coolgardis
Goldfietd, published as far back as the vear 1899 described the
transition from the novmal eranite of the field, throngh aunrviferous
acid dykes to pure guartz veins, distributed marginally with refer-
cree 1o the mnss of intrusive grmate, which it this part of the

Central Division covers sueh an exlensive area,

The mining centre of Westonia, ou the Yilgarn field, also
farmishes Further important evideuee of the iutimate relationship
whicle exists bhetween the auriferons quartz veins aud the normal
granite of the distriet.  The quartz, which contains rows of fluid
inclusions, s intimately  associnted with felspar, both of which
appeir to have sobidified at abeut e same time, and are merely
virteties of o  quartz felspar pegmatite, an aeid  differentiate of

The granite maoma,

Tu this connection it is inferesting to note that e origin
of pold-hearing quartz veins us o vesult of  driferentiation frowm
a oranitic nergmet is not by any means new. As far back as the
yvear 1861 that well known naturalist aud awining  engineer, Thos.
Belt, first pointed aud in a paper cotitled ** Mineral Veins, an
enguiry into their origing founded on a study of the Auriferous
Quartz Veins of Australin’’ that *Cgnarvtz veins are as naturally
[roduced by granitie cruplions as the acorn to the oalk,”” TIn the
vear 1870 this author again appiroached this subject amd n a
work entitled “*The Natnelist in Niearagna,’’ where he munaged

a wold miuve, he wrote:

A neral veins in granitie distriets oceur in regular sequences

There i8 also, sometimes, a complete gradation from veins
af perfectly cerystallised  granite, throngh others abounding m
(quariz at the expense of the other constituents up to veins filled

with pure quartz.’”’

It may flheectore be of interest to those engaged in the
historical stndy of the rvesearches ivlo ore deposits to note that
the couception sixty-five years ago, of the idea of the source of cer-
tain types of gold-bearing quintz veins as the end produet of the
differentiation of « granitic magua came abont as o result of
investigations into the goldfields of Australia, a fact which cminent
geological writers on this subject have overlooked.
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With regavd to tie Natnval History of the Ore and Gem-
bearing Pegmntites, the Iate Mreo HLOL Woodwiard made the m-
pertaut obzervafion tlet the acid dykes of the Gireenbushes Tinfield
oave evidence of metasomutic action after solidification.

A eomplete series of rocks “itlustrative of the gradual transition
from a pegmatite composed mostly of albite, throngh greisen, into
a pure quarvtz speeimen, whieh when examined mievoseopically stiil
exhibits the granitie stencture, whilst tonrmaline and eassiterite are
the only associated minernds, which have so far heen found to
exist throughont the entire series’’ was obinined.  Sinee the date
of these observations in 1908, geologists lhave come to much the
same eonclugion from investigations earvied ont on the pegmatites
of other wining districts in Afrien, Amerien avd elsewhere

The ecneral geologien]l structive of the State’s principal gold
producing mining centre, the Fast Coolgardie Goldfield, which has
vielded about ouwe Lalf of the tolal gold outpnt of the State, has
pow bheen  definitely cstublished.  The gold  deposits of the pro-
ductive area, appropriately designated the ©“Golden Mile,”” are
virtually confined to a gronp of genetically related rocks, originating
hy the transmmtation of a uartz-dolerite  (diabase) which is fra-
versed by a number of acid dykes of varinhle width and of eon-
siderable length,  The gold depoxits are chicfly masses of crnshed
andd Fructured country rock of great horizental extent and lentienlar
in shape, which have heen nietasomatically replaced and impreg-
nated with quiirtz, pyrites, awd other sulphides, so as to form
exploitable ore Dbodies withont any well defined  walls,  The gold
ovcuirs in the Poulder lodes Dhotl in the mative state and, as has
Been previously pointed ount, in combimation with tellurinm.

The most plentiful of all the tellrides of Boulder is the
mineral Caluverite, the telluride of gold, occnrring in large len-
tienlar masses.  One of the finest specimens, from  the Golden
Horseshoe Mine, consisted of a solid mass of Calaverite 6 inches
leng, 5 inclies wide, and a quarter of an inel thick. The telluride
of mereury, Coloradoite, is, with the exception of Calaverite, the
most widely distributed of all the tellurides.  Magnificent speeimens
have been met with doring wining operations and masses several
ponnds i weight have been rocovered,  Oue of the finest specimens,
from the celehrated <“Oroya Shoot,”” which alone hns produced
nenly £8,000,000 worth of gold, consisted of a lens of (?0101'&{10'1‘[“
9 inehes wide, aud an ineh thick, enthedded

ahont 5 iweher long, 2
in a green sevicite sehist, 18 pow the Geologieal Survey (*ol

leetion,

Tt 32 a vemarkable civeumstunee that though Boulder 18 as

s

it were the home of the telluride minerals, few if any crystals
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with plane surfaces have yet been met with. It has pointed cut
by one of the leading living mineralogists of Great Britain that
¢ with the oceurrcuee of such large crystalline masses of tehiuride
there ean be but little doubt that one day crystals will he found,
and these will in all probability swrpass those hitherto met with
from other parts of the world.”’

The ultimate derivation of the gold in the Boulder group of
lodes would appear to have resulted from the actiou of a later
series of igneous intrusions than that in which the ore bodies aie
contained. Tt muy be that the introduetion of the gold bears an
intimate relationship to the after-effects of the iutrusive granite
which makes sueh a prominent feature in the conutry adjacent to
Kalgoorlie on the morth, but which has not reached the surfaee
in the vieinity of Boulder, thomgh it is probably represented by
the acid dykes which traverse the field.

One remarkable and outstanding feature in the State is itz
iron ore resources, some of which arve probably equal in size v
other kmown deposits in the world. The most important class of
ores in Western Australin are the large deposits of hacmatite
associated with fiue-grained sedimentary quartzites; these pass by
all gradations through varietics of juspilite to pure irom ore.

The ores themselves, in the light of such knowledge as is at
present available, appear to owe their origin by hydrothermal pro-
cesses, which collected and re-deposited the iron from adjacent
basic igncous rocks. The highly ferruginons hauds are generally
found to follow the bedding and other structural plames of their
hosts very closcly, indieating that the solutions responsible for
the deposition of the iron ore weve to a very large extent con-
trolled by the stratifieation, Tn sowe cases, however, there is
distinet evidence of a complete replaccment of the siliceous rocks
by haematite, indicating that it has in part, at any rvate, replaced
the beds whieh have shared in the severe folding, faulting an‘d
compression to which they have heen almost everywhere sulyjected.

The ultimate source of these enormous guauntities of iron ore
is as yet one of the many unsolved geolugical problems upon which
mueh iuntensive rescarch, both in the field and in the laboratory,
is required.

Au interesting occurrenee of a chrome iron ore of some seien-
tific importance has recently been discovered by M. Blatehtord
from the neighbourhood of Murrunda, a range of hills forming
the headwuters of Skeleton Creek in the North-West Division.  The
deposit lies in a belt of serpeutine about 80 chains in width, and
the ore oceurs in a series of massive lens-shaped or pod-like bodies
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from three to six feet wide, which average abont 82 per cent of
chromite.  The serpentine appears to have heen devived from ¢ither
a prroxenite or a pevidotite i which the chromite is present us
a  primary constituent.  Whether these Tenses of  chromite were
segregations frow the diveet cooling of an igneous rock, or owe
their presence to rveplacement sinee consolidation, yet remains to
he investigated.

The occurrence of the mineval alunite (a snlphide of alominiuwm
and potassinm) at Kuncowua, in the East Coolenrdic Goldfield, in
an aurcola of alteration swrrounding a wass ot acid porphyry at
ed Hill jotewling the wetamorphic sediments, i of considerable
geientific importanee,  The alimite ccenrs in veins varying from a
mere threwd up to two foet i thickuess, which may  represent
off-shoots fromw the porphyey. The mineral anay owe ity origin to
pereolating water eharged with saiphurie acid, resulting from the
decomposition of pyvites, or by sulphurons exhalations from an
extinet voleano aceting on felspaibie roeks. The Red A porphyry
aund the satellitic dvkes formm the denuded relies of an ancient
cruptive vent.

An unusual and uwique tvpe of an alunite deposit, and one
not recorded from any ofher country, has heen et with ot Lake
Brown, near Burracoppin, The deposit oecurs inone of the eclay
pans  whielh form part of an apcient  watercourse draining  into
the Avon River.  The moterial of which the deposit is made up
s in the form of a fine powder consisting of quortz, kaolin, mica,
felspar, salt wnd gypsioa with smne orgunie matter, aud has been

found 4o contuin 3 per cent or morvy of abmite,

The wineral pyrites, reported by Mro Bowley uas oceurring in
some of the adjacent rocks, is probably the orviginal souwrce of
the sulplprie aeid required for the formation of the alnnite.

1t will Dve been apjmrent from: the ecarlier portion of the
address that Western Anstralin presents many geologieal problems
@t absorbing interest npon which vesearel s requived, but thers
i< one econnected with that great elimatic vevelution i the Iistory
¢t its Middle Ages (about 30 or 100 million years ago), resulting
inoa widespread  refrigeration of a o very lurgre poertion of  the
State, which provides almost as strorg aftractions as  the pages?

of roman-e, viz, the Permo-Carlioniferous Gilaeiation.

No period perhaps in the veological history of the State s
of sueh lmportance and appeals so powerfully to our senses  or
comes  into suell elose sl intimste  eontaet withoour matering
wants and enjoyment as that of the Perno-Carhonifevous, to whiclt

il Collie and Trwin River coalfields helong.
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The Western Anstralian Permo-Carbouniferons glaciation marks
perhaps one of the most 1mportant episodes in the geological his-
torv of the State. The Permo-Carboniferous peviod combines many
varicd aspeets; and beiug the greatest iec-age through which the
world lias passed, it renders the geological detalls of absorbing
interest—upon which muel sl vewmains, and will always remadn,

to be done.

Investigation and study of this refrigeration s one of mors
than mere loeal significance, for it forms an important and infegral
part of the glaciation of the Southern Hemisphere during this
geological period,

Theve is also its ceonomic importance, for despite the fact
that therve is an extensive area of roeks belonging to the Permo-
Carboniferous or Coal-forming Period in the North-West, Central,
ind Kimberley Divisions, they Tive almost everywhere proved toe he
destitute of coal. A large portion of these divisions having beeit
covered by a great idce-sheet during this partieular coal-forming
period  turnishes o possible explimation as to why there are no
conl deposits, for theve was weither suffizient vegetuble growth 1o
praduse  them nor were the geological conditions favourable for
thetr aceumulation and  preservation.  While the  Western Aus-
tratian Pevmo-Carboniferons  glacial  deposits owe  their chief am-
portance to purely scientifie considerations, they do, however, mark
very dmportant  stratigraphical horizons which not ouly tend to
make possible geological correlation over the Australian Contiuent,
but permit comparisen between the Western Australinn formations
and those in other portious of the world

Despite the interest which the discoveries of the evidenees of
{his important great ice-age in the State arouse, it 1s ounly possible
to deal this eveuning with the salient issues in an all too briet

)

O 1MANeT,

Wherever the beds of the Permo-Carboniferous system of Wes-
tern Australin lave been examined they have been found to be
divisible into (a) a lower, or mainly linestone series, and (b) an
upper, o1 saudsione series, with, in the Trwin and Collic distriets,
some coal seams, The beds associated with the eoal-bearing mew-
bers of the system contain abundant representatives of a flova
characterigsed by severnl species of the fern-like plant, Glossop-
feris, which lias uot ouly a wide distribution buil is so abundant
that some of the rocks nre largely wade up of its tomgue-shaped
and reticulately veined fromds,

The lhwestone scries contains a 1ich assemblage of marine
Tossily, characterised by the frequent occurrence of w large number
of species ot the brachiopod, Productus.
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There is o bed near the base of the formation evowded with
boulders Dbesring the usual marks of glacier transported materials,
such as rocks with smoothly  planed and  facetted sartaces and
strintions,  Such deposits have been recognised at o great ooy
localities in Western Anstinlin, extending over 12 degrees of lati-
tude, aud to within 16 degrees of the equator, It luving heen
fonud convenient to have 1 mume for this important hovizon, the
' s been udopted, from the official
designation of the Land District in which it was first discovered
and where it s so well developed.

term ““lyons Conglouerate

Where this conglomerate eannot be seen its presence is ahvays
indicated by the heterogencous collection of houlders with which
the flats are covered and whick are devived from thie weathering,
i situ, of the bonlder Dbed.

Tu o chamel ent by the Wyndham River in the North-West
Division, throngh the Avctlor Rauge, there is an important exposure
of the houlder hed, which is vet more than three feet thick in
this loeality. 1t s crowded with bHoulders swd pebbles of - the
erystalline rocks to the east, cmbedided in a calearcons fossiliferous
matrix containing fragments of Polyzoa, the brachiopods Spirifeia
and Producius, in addition to the molluse Aviewlopecten tenicollis,

The Ded in which these boulders and pebbles oceny it heyoil
all doubt of marine origin, as s proved by its fossil contents;
11 therefore cun havdly bhe & olieial moraine amd it s moere than
likely that the materinls of whicl the bed ig made up were transs
ported Dy doating icebhergs fhat drifted seaward after they had
Teen Droken off from some extensive ice sheet whielt came down to
senlovel in w somewhat similar manuer to the Great Barreier iee
ot the Antarctic Reglons,

T the cirenmpolar regions of both tremispheres houlder hear-
ing elays, wuds and sads, whiel owe their origin to the distri-
bution of econtinental debris carried senward by floating ice, nre
at the present time belng 1aid down over a very large area of
the ocean foor, and these 1f consolidoted would produee beds in
cvery way identical to the Lyons Glaeial Conglomerite.

There is in the Kimberley BDivision a large development  of
Permo-Carboniferous vocks which have vielded o vemarkably rieh

assemblage of fossils,

It was poiuted ont in the year 1007 that aithough no ghieitl
Doulder beds had at that time breu verognised in Kimberley within
16 degrees of the equator, their discovery in that region would
cavse little swrprise. It 18 interesting in this conneetion to note
that a conglomerate containing facetted aund jce-seratehed boulders
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wis o recently been discovered by Messrs, Blatehford and  Talbot
i the valley of the Pitzaroy and its tribataries.  This boalder bhed
iy without doubt the equivalent of the Lyvons Conglomerate,  The
Kimberley Permo-Carboniferous heds are believed to underlie nearly
the whole of  the so-calied Great  Sandy Desert, which  nearly
brought to grief Colonel Warburton’s expedition in the year 1873,
The southern marain «f *he formation les in the wlley of  ihe
Oakover River, which enters the sea Dbetween Coudon and Dot
Hedland.

An Boportant discovery of a somewbut saudy mutris erowded
with glacndly striated pebbles was made jn 1924 by Mr F. G,
Clapp, an American geologist with considerable expericnee in glaeial
deposits, on the southern flauk of the Great Sandy Desert, near
Braceide Station on the Galkover River, which there nre sound reasons
for believing to be ot 'ermo-Carboniferons Age,

Avother very important discovery of these glucial deposits ov
more tlnae Joeal siguificimee was made i 1916 by my colleagues,
Messys, Talbot and Clarke, in the Wilkinson Range near the South
Australivn Border in South Latitude 26° 307 For over a distance
ot 200 aailes between the Range and Axe I there were found
mmnbers  of - pebbles aad bhonlders of many different rock types,
weighing severl hnndrodweight, devived from the disintegration of
a conglonrerate abont 15 feet thick,  Attempts to corvelate the
Wilkinson Runge heds withh others containing evidence of ice action
Iave not so far wmet with el sneeess, There s, liowever, some
littic evidewee twdieating a possibility of these Deing on the same
geologienl herizen s the glictal conglomerate of the Winke River
i Sentit Avstralin, to whieh thie Gascoyne and other heds belong.

The dee which produeed the Lyons Conglomerate did not owe
itw ovigin to what moy Dbe called the alpine type of glaeier, hut
viather tooa broad continuwous dee-sheet with o thickness of hnudreds
e possibly thonsands of  feet which spread across 8300 miles of
country north el south md for an ahwost eqnal distonce  east
and west,

The cltnuitic conditions mder whiel the Western Australinn
chieial  Dbeds were formed offer a peculiarly  fascinating subject
for enguiry and the first gnestion which nafnvally spggeests itself
i what brounght about thal  phenomenal refrigeration, the evi
denees  off whieh wre only mantfest in Western Australia, India,
Sonth Afriea and Sonth Ameriea, hut also i Bastern Australia,

The  oceurvence  of  glaeinl  congloverates near the base of
the  Glossopteris hearing beds i these widely  sepuarated  localities
i the four continents, poiuty conclusively to their resulting from

b CONIMTOLE CeURe,
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1t wonld take tar too large o draft vpon your time to attemndt
cver a entsory examination of the vavious canses wlhieh have been
sought to aceount for thix Pevmo-Cirhoniferous glaciation, as these
are  somewhat  outside  the  seope of  this address. The  exact
explanation of this ghieiation is wot, however, quite elear and
would seem to vemain as yet aun uusolved problem. though ie way
he that as the gquestion of past geologival glaciations hecomes mor?
thoroughly  iuveatignted sueh may be found to result tfrom 2
combination of faetors both lecal and general.

It ha~ heen poited out that *the discoveries of Anstralian
glacial geology . . . are not euly the nost important that liave
NWiherto heen recotded (all the States of {le Commonwealth have
been more  or less nnder the infHnewee  of  glacial  conditions),

it wmay fairkhy vauk mmongst the most impertant contri
butions ever made to our knowledge of the glacial geology of the
world, ™

Prior to the time wheu the Permo-Carboniterons  iee-tloes
Jrifred about loaded with Doulders auwd silt, aud wlhich ou weltinw
seattered their debris along the shora line and over the sea-bettont,
Western Anstialin formed au iategral portion of that  southern
contiment linking together South Awmerica, A friea, Madagnsear, India
and Autarvetica,  This continent, which has heen nawmed Gondw:iiia-
Ld, formed a bhaveier hetween a  southern oeean awd a great
central Eunrasian sea, extending across northern Tudia where the
Himalavas now staud, inte Euvepe, and of which the Mediterranean
is but a very swall velie. There ave also sound selentifie reasons
for thinking that Anstralin at this geological period had  direet
conmection with Autaretica awd themee to South Aweriea, amd that
Westernt  Anstralin  fovmed o sowewhat remowe  eoruer of Gond-
wanaland,  The great revolntion in physical geography wlich re-
culted in the dismemberment of the old continent of Gondwanalaud,
produeed. infer alia, the present continent of Australin by, as
Laxedd upon what is nowadays knowu as the Wegner Drift Hypo-
thesis, a disruption awl drifting of parts minder  tidal influenees,
which  eoradually  beeame  widely separated by vast  stretehes of
ocean haviug a depth in ptaces of several wiles. Ou the assnmption
that this continental wandering is a correet interpretation of the
foets, it follows that ancient Goudwanaland wnst have had 2
vory. mueh swalter area than has been nsually pretured,

1£. ax has been inferral, South Atriea ix the Mother Continent
fiom whiech “*Sonth Ameriea on the one hawd, and Madagascear.
Tedia and Australia, with their sarvounding aveas, on the otlier,
bave split off awd drifted away,”" it is to the westward, across
Qe wide expanse of the lndian Ocean wheve much of the evidenee

calenlated to cxplain many af the problems of Western Australia’s




226 Marrraxn—Hestern Australian Geolugy.

vast amd present geologieal listory s to Dbe looked fov.  Accord-
ing to the continental displacement hypothesis, the Indian Ocean
lias been formed gradually by \ustralin becoming detached from
Afien and  wiaedering slowly 1o the castward,  This implies a
horizontal instability of coutinental land-masses whieh has an -
portant hearing on the question of the permaneney of ocean basius,
abont which much hag been written i reeent years,

Whatever may have been the eauses which led up to the dis-
menmherment of Gondawanaland, it gave to Western Australia many
of its important features, and in a measure outhined the present
confignration of the Seate,  An iuspection of a geological map of
Australin shows that  the coutinent is split right aeross by =2
broad  helt of mavine strata which sepavates it from an  eastern
aud a westorn dsland, The larger of these islandg comprises Wes-
tern Austvalia, except the nortl, amd the greater part of South
Australin.,  Teiug the home of the characteristic Australinn flora
and fauna, it may be designated Austyalinn Australia.  The s ller
is o long narvow island whieh extends from Cape York to Tasg-
peinia.  As this dsland was connected  with and received from
Asta many plants and animals, it might be eonveniently uamed
Asiatic Avstralin,  The Cretaceons sea which separated Australian
feomm Asintic Australin was shallow as ig shown by the strata which
were deposited ol over its area, and i this respeet resembled the
Arafurn Sea of to-day, though fhe chmatie conditions were very
different,  The clHmate was comparatively cool aud  veef-Duilding
corals conld nmot grow, Tt s siguifieant that eovals are rave in
the Aushialine Cretaceous strata. o Western Australin the group
is vepresented by a wew species of Coclosmilia, met with in the
sirata at Gingin, whieh is the third represeutative of the ecorals
found anyvwhere iu the Australinn Cretaccous strata.

Anstralinn Australia onjoved bountiful ralus, thus possessing
insular as distinet from contivental elimates.  The extent of the
(vetaccous veeks poin{s to these two having been well watered,
for it is the water-horne waste of the land which formed the vocks
in the bed of the sea. This ancient Crefaceous sea cxtended into
the Great Australian Bight,  The strata wmet with in the bore
put down at 337 miles 61 chains from Nalgoorlic, penetvated at
a depth of 667 feet o serles of shaley beds which yielded two
fossile, the molnses Slweella Teghendensis and MaeCoyella corbiensis,
forms whiclh are charaeteristic of and abumudant in the Cretaceons
recks of South Aunstralin aund the eastern portion of the eontinent.
ety of this sweient Cretaccous sea are also to he fomrd in
the smavitime distriets of the westeru portion of the State, where
they cover a very large surface areu, d are n very many places
coucealed bheneath a cover of later deposits; whilst thelr presence

Lias been proved hy horing operations.
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There arve two distinet faunal regions of this age o Western
Austeatin, viz: fhose ocenvring in the strata beneath the Nullarbor
Plains, at the head of the Great Australian Bight, and those of
Gingin anid its suiroundings, to the north of the metropoliz.  The
Cretaceons rocks of Giugin consist of 2 thin hed of chalk—the
only one in Australin—Dbelow  which e “Careensands™ and  clay
shale.  MThe chalk of Gingin is au ancient moderately deep scn
foraminiteral deposit somewhat anatogons to the Globigerina ooz
now found ot the floor of the Atlantic.  The total amount of
extraveous mineral matter in the rock being small, and the quan-

=

tity of recognisable minerals still smalier, 3t may reasenably be
concluded that the Gingin chalk was formed in clear water of
some depth in @ region where there were no voleanoes, and at
some (listance from lind. The fauna of the Chretaceovs system an
developed in Western Aunstralin is remarkably vich, especially in
fonpainifera amd  ostracoda.  The Cretaccous rocks of Westeri
Australin are of far more than mere local importunce, sce the
Clemients in their fauna connecet them with those of Sonth Afriea,
Tortugese Bast Afwiea, Eastan Madagasear, Western Peninsulay

Indin, and Assam.

The Cretaceous sen was gradually becoming shallower owing
to a steady elevation, ax is evidenced by the preponderanee of
sandy rocks in the upper wmewhers of the Cretaccouns formation.
Tlevation continued until the whole of the Trans-Australian Cre-
tuceons sei beeame dry land, and for the first time Australian
and  Asiatic Australia becune one great continent. It was the
carliost federation of the States of the Commonwealth,  The geo
legical federation was complete and final and with it there came
itevitable deterioration, for the drying-up of the Cretaceous sea
caused the dessication of the central portions of the continent, and
the climate beeame hotier and drier.

I"ollowing the period of elevation and ervosion at the elose
of the Cretacceous, the Tertiary era was naugurated, somewhere
about 10 to 13 million years ago, by a sabsidence below sea-level
of a great part of the comntry at the head of the Great Aus-
tralian Bight and portions of what arve now the Tine to the west-
ward.  With the advent of the Tertiary era there were ushered in
important changes in the topography il geography of the globe.
Jtirst in order of importance was the formation of that great wone
of clevated plications, the rvesult of suceessive movements of ele
vation, which extended from the Atlas Mountaing i Movoceco to
the Himalayas, and thence prolonged through the Malay Peninsula,
the Duteh East Indies and New Guinca,  This bimmense upheaval
was accompanied by the gradual draining of the interior of Aus-
tralia and by the siuking of other parts of the pre-existing land.
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The general instability of the Western Auvstraliun area about
this time is evidenced hy the fracturing of some of the ecoustal
arcas by extensive faults, having apparently considerable down-
throws westward towards the Fudian Ocean,  The Darling Range
fanlt scarp, which extonds from the south coast northward over
6 degrees of latitude, in ali probability forms the castern boundary
of a series of sunken strips of the erust, of which the westora
wall is to be found i that narrow ridge of ancient crystalline
roeks from IMlinders to Geographe Bay,  The fundamental rocks
of' the aslands of Rottnest and Houtman’s Alwrolhos possibly mark
itz northward extension.  The sharp trend nortliwards of the Mur-
chison River close to its mouth and the remarvkable coustal indents
near Sharvk’s Bay are suggestive of its prolongation in that direction.

Shortly after the deposition of the Tertiavy strata therve came
a period of temporary eclevation, erosion and igneons activity.
Fxtensive basaltie eruptious, probably throngh toug conduits rather
thonr great  voleanoes, together with eruptions belonging to the
intrusive phase took place in the western portion of the Sounth-
West Ihvision and probably reached its elimax during the early
stagzes of the late Tertiary period and became subdoed if notb
surpressed at the end of this time prior to the Picistocene epocl,
together with the formation of the Coustal Cave Limestone,

The grvim-bluck terraces of hasaltic fava tlows ave to be seen
oun the sea coast at Bunbury and elsewhere on the south  coast.
They may also be seen i the Capel River, af several places in the
vialley of the Blickwood, and near Silver Mount between the Warren
and the Dounelly Rivers; they were algo cut in two of the Dboves
put down in the seavell for petroleum fn the Warren River. The
hasaltic luvas, covering an avea of abont 3000 square miles, remain
ax w fragment of the enormons flows which probably spread over
the extreme south-western portion of Western Aostralin, and prob-
ably over a muele larger portion mew Duoried uwier the Indian
Ocean and the sea along the south coast,

In the inland area of the Central Division there are many
seattered veins and dykes of vemurkably fresh dolervite, whichk, as
at Norsemau, enn be followed across country for several miles. At
times they may be seen interseeting the gold beaving  deposits.
These may possibly belong to the same period of Tertiary igneous

aetivity as the basaltie lavas.

The ouly diveet evidence of the geological age of the oliviue-
dolerites at present konown is met with in the neiglhbourhood of
Atbany, where a Dbasic dyke is seen to interscet a member of the
Plantaganet Reds, the organie remains in which prove them to
be Mioeene Tertiary. The dolerite dykes and basic lavas seem fo
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betongy to one series nnd reacked thely present position at about
the same geologienl period.  The dyvkes therefore are of late Ter-
tiary age and berlong to the sawme period as the voleanie rocks in
Sonth Austenlia and Vietoria,

In the North-West Division o remarkable mnd very important
feature is the abmdance of dolerite intrusions in the form of
gshects or steeply inelined dykes,  These rocks have o remavkably
uniform composition and exhibit little or no trace of reerystal-
lisation or other signs of metamorphism, and ave praeticnlly in
the same condition in which they originally congenled.  Some of
them extend acvoss country in morve or less straight Ines for mey
miles and give rige to faitly conspicuwons featuves standing oud
holdly in the hacks of {lie ridges, of which ast exeellent example,
the Blaek Range, is to be seen in Pilborra, At times these dykes
and sheets imviude the sedimentary rocks wlong the planes of bed-
ding amd oceasionally arch np the overlying strata; whilst at others
they form tapering sheets running out inte the neighhouring sedi-
nents i form not unlike a cedar tree.

From the wnmber and very large aven over whicl these dolerite
inirsions extend it appenres it there must heve been a huge
reservoir of molten matter lyving heneath the surface to the north
of 8. Tat. 26° which merely awaited the suitable opportunity of

pising to the snrfaee]

In the far north, in the Wimberley Division, basie ivas and
voleanie ashes oveur in great foree.  These lavas appear to have
deoded the valleys of the Ord and Bow Rivers and levelled ap the
depressious, with the exeeption of certain koife-cdged  ridges of
tue older roeks which still protrude above the general level.  On
the Behn River, just above what is kvown as the Gorge, is a dome
o Cpuy’? of hasalt which formed one of the foei from which these
lavas issned. None of the voleanoes are still aetive, though the
hot spring at Monut Wynne paints to the fact that the igneons
cetivity hus not yet been entirely  surpressed.

At the eloxe of this geological period o great part of the
southern coasial plain aud the adjacent bovders of the interior
platean were mised above the sealevel, but the full extent of this
wplift is not as vet definitely known, but it ix eertain that the
cog retrented considerably heyond its present shorve line,

Part of the Western Australian coast line is oceupied by @
roek series designated the Coastal Limestoue, the nnegnal weather-
ing of which has resulted au the formation of an extensive system
of caves and grottoes which yet await exploration.  The eoastal
limestone containg abundant fossil mollnsea, identifiable with those
at present lving in Anstralian waters, mnd furnishes unmistakable
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evidenes of w distinetly warmer elimate than at present obtains

i these areas.

From the Mamunoth Cave, on the Margarvet River in the ex-
treme sonth-west portion ot the State, over 10,000 boues or frag-
meuts 1o exeellent state of preservation have been unenrtlhed
from beneath o layer of stalagmitic material whieh covered the
Hloor,

The mammaliazn fauna of the Pleistocene caves of the Margare!
River hix heen in part deseribed in a series of publications issued
wler the aegis of the Trustees of the Western Australinn Musenn.
Aowvast amount of material has still to be worked out and it s
lioped that sneh will be put in hand at aun early date as the
vestigations bid fair to open up important and fascinating phases
it the ancteut mammalian history of the State.

Carefnl and  systematic exploration of these lhmestone  eaves
and the munerous rock shelters and srottoes of the Central and other
wterior regions may possibly prove them to contain, priecless fossil
evidenee eapable of throwing light npon the origin of the Aus-
tralian ubovogines and incidentally that of the lwuan race, aund
the Tocation of the oeriginal home of nankind,

Many of the sedimentary ad other rvesidual deposits ocenrring
owidely separated distriers of the State weathered oud into shal-
Tow eaves whiel provided rock shellers frequented by the native
1aces, whose former presenee is iudieated by stone and other im-
plements, wmrd fragments of Dbones of Mirds aud aniwals, as weil
aw realistic paintings of men and native animals doune in colowr on
the sartiace of fhe rocks, many of them giving evidence of artistic

skill of a relatively high order.

Pulacontologieal reseavell on muterial from Western Australia
victually began with mvestigations made iuto the colleetions made
doring that early peried devoted to official exploration and survey
Teng prior to the commencement of more or less svstematic geo-
logieal work.,  The fossil colleetions made by Mr, T T. Gregory
between the vears 1850 nud 1861 gave the first evidence of the
preseiree of Mesozoie rocks in the Stale in addition to furnishing
wil nceount of the scanty Carboniferous faunas oceurving in rocks
of the valley of the Lyons River, east of the Kennedy Range in
thie watershed of the Gascoyne, and on the Irwin River. This was
followed in 1862 Dby the work of Mr. Charles Moore, .8, on
the collection of Mesozoie fossils made by Mr., Cliftou, which was
forwarded to Euneland to My, A, Sanford, F.G.8., and displayed in
the Musemmn of the Sowmersetshire Archaeologieal and Natural His-
tory Society in Wellington and it is claimed to have been ‘‘the
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carliest evidence obtaived of the prescnce of Mesozote beds on the
Australian centinent, '’

The yemr 1869 is specially noteworthy on aceount of the pub-
Hication by the Geological Soeiety of the paper by Mr. Charles
Moore ou “‘Australian Mesozoie Geology and Palacontology,”” 1m
which, infer eliq, is given an account of the fossils evlteeted by
My, Shenton from the Greenough flats and other distriets in Wes-
torn Australia.  This collection, which contained several speeies mew
tuo science, iy stated to have been ‘‘not only the most numerous
hut the best-preserved  Anstralian sceondary fossils that had yot
been publicly exhibited in Great Britain.”’

Mr, W. H. Huddleston, M.A., F.G.S., prepared an acconnt of
the collection of fossils and rocks collected by Mr, Forrest in the
country north of the Gascoyue River, which was published in the
year 1882 hy the Geological Society.  The paper contained a list
of palacozoic foesils, togetlier with a deseription of a number of
species new to seienee, all of which proved to he  Carboniferous
or closely allied forms,

Amongst the carlicst more or less systematic offivial investi-
cations into the palicontology of the State were those earvicd oual
during the period when Mr. Ho Po Woodward, F.G.8., occupied the
position of Government Geologist, 1888 cf seq., ov the collections
made Dby him and his predecessor, Mro BT Hardinan, from the
Cambrian, Devonian and Carbaniferons formations of widely sepa-
vated districts in Western Australin,  The results of these investi-
gations were published at intervals dnring the yeav 1890 wnder
the general title of ¢*Notes on the Palacontology of Western Aus-
tralia,’?  The deseription of the Bracliopoda, Molluse:, ete., wus
{he resnlt of the work of Mr. Arthur 1. Veord, F.G.S. (at one
thne assistant Paliconfologist on the Geological Survey of Cannda).
The plant remuins were briefly Jdeseribed by Mro R, Kitson, F.R.-
S E., LGS the Stromatoporouds by Prof. H. Alleyue Nicholson,
M.D, F.G.S.; and the Corals Polyzoa by Dr. Geo. J. Hinde,
LGS These proved to be a valnable contribution to the fapnl

study of Western Austimlia.

The inaugnrtion  of systematic  geological survey work on
modern lines furnished Western Australin with a series of palie:
ontological  publications of  which there  have heen issned  seven
volumes containing fifteen separate arvtieles under the general title
of ““Palncontological Contributions to the Geology of  Western
Australin,'?  The series contains many important studies of the
fossil famna wnd Horn of Western Australin by some of the Teading

palaeontological specialists.
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Palacontological researehes liave also bheen carried out under
the anspices of the Western Austealian Museum, whilst the results
of several important studies by Messrs, L. Glauert, J. L. Reath,
T. Withers, and 1% W, Whiteliouse, M.Se., have appeared in the
pages of the Journal and Proceedings of the Royal Soeeiety  of
Western Australia. The vesnlts of the loeal palacontological re-
scarches hiave farnished muoch valuable information relating to the
faunal relationships of the strata from which the fossils were
derived and of their stratigraphical eguivalents not only in  the
countries hordering the Tndian Ocean, but also in China and Great
Britain, in addition to Dbeing of fundamental significance wiih
velation to palacogeography, ¢limatic vieissitudes, and problems of
Biologienl history.  Palucontologienl researell is still being carrvied
e with inercasing energy.

During the course of this address, a field of gathered fact
and growing generalisation has been traversed, and an endeavour
wade to show that Western Anstralin, which forms buat a frae-
tional part of the globe, has added its quota to the general facts
and privciples of carth history,  And as one reflects not so mueh
1ipon what  has already been aceemplished but as to what may
he possible in the foture, for the necessity for further knowledge
i« insistent, the prophetic words of  Sceneea of 2000 ye‘m's ago
eannot bhut commend themselves to our admiration, hesides furnish-
ing a keynote for the ruture

Sencen in Book VID of his ““Quaestionum Naturalium,”’ 2
Latin production constituting one of the few works of its time
bearing upon the faets and phenomena of Natural History Scienee,
reminds us that:

< Aany discoveries are reserved for the ages still to e, whon
onr mentory shall hiave perished,  The world 18 a poor affair if
it de mot contain matter for investigation for the whole worll
in every age.  Sone of the saered rites are not revealed to itor-
shippers all at onee, Fleusis containg some of his mysterices to
show {o rotaries on heir second risit, Nature does not reveal all
her soevets at once.  We bmagine we are initiated in her mysteries;
we are as yot ot hanging arvound lier outer courts,  These secrets
are not open to all indiseriminately.  They are withdrawn and shut
up in the inuer shivine,  Of one of then this age will eateh a
glimpse: of another the age thet will come after.””

Printed for the Roval Society of Western Australia by R. S.
Sampson, 971-973 Hay Street, Perth.



